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Introduction
The pancreas is developed from two separate pancreatic buds, the dorsal and the ventral buds, which are derived from the definitive endodermal epithelium of the embryonic foregut. Pdx1 (Pancreatic and duodenal homeobox gene 1) is a regional endoderm marker, and its expression marks the dorsal and ventral pancreatic buds, as well as the antral stomach, the common bile duct, the cystic and biliary ducts adjacent to the common bile duct, and the duodenal endoderm (Offield et al., 1996) . Pdx1 is among the earliest known markers for the pancreas, which appears in the endoderm at E8.5 in the mouse and at the 10 somite stage (ss) in the chick, before the pancreatic buds are formed.
There are reports that the dorsal and ventral pancreas buds are developed by different mechanisms. Mutant mouse deficient in either the Hlxb9 gene or the retinaldehyde dehydrogenase2 gene are reported to exhibit dorsal but not ventral pancreas agenesis (Harrison et al., 1999; Li et al., 1999; Martin et al., 2005) . from the notochord. Activin and bFGF are shown to be the candidate factors secreted from the notochord that permit dorsal pancreatic morphogenesis and maintain the expression of early pancreas genes at around Hamburger-Hamilton (HH) developmental stage 12 (HH 12) in the chick embryo through repression of the expression of Shh (Hebrok et al., 1998; Kim et al., 1997) . Then, the pre-pancreatic endoderm is separated from the notochord by the dorsal aorta. The vascular endothelial growth factor (VEGF), which is secreted from the dorsal aorta, is a key molecule in the potentiation of Insulin expression within the pancreatic endoderm (Lammert et al., 2001 ). On the other hand, the ventral pancreas in the mouse is proposed to differentiate from bipotential progenitor cells in the ventral foregut endoderm, which is able to adopt either a pancreatic or a hepatic fate (Deutsch et al., 2001; Tremblay and Zaret, 2005) . Fibroblast growth factor (FGF) from the cardiac mesoderm and bone morphogenetic protein (BMP) from septum transversum mesenchyme cells induce the liver program and suppress ventral pancreas differentiation (Deutsch et al., 2001) . It is known that the dorsal pancreas development is inhibited in the notochord-deleted embryo, in which the ventral pancreas was not affected, therefore, the notochord is not required for development of the ventral pancreas (Kim et al., 1997) .
Fate-mapping studies have shown that the definitive endoderm in the mouse is derived from the epiblast and the extreme anterior end of the primitive streak (Lawson et al., 1991; Lawson and Pedersen, 1987) . At the early streak stage in the chick, endoderm precursors are found throughout the streak and become restricted to the anterior primitive streak or Hensen's node (Grapin-Botton, 2005; Kirby et al., 2003; Lawson and Schoenwolf, 2003) . More recently, the definitive endoderm was shown to ingress from the anterior primitive streak and migrate within the middle layer for some distance and are then intercalated, displacing the hypoblast cells (Kimura et al., 2006) . In the chick embryo at the 18 ss, radio ablation studies showed that the dorsal pancreatic anlage is at a level adjacent to somites 7-15 along the rostro-caudal axis (Le Douarin, 1964) . In a lineage tracing study using DiI solution, the dorsal pancreatic precursor cells in the 10 ss (equivalent to HH 10, 1.5-days old) chick embryo were shown to reside at the level of somites 4-7 in the endoderm layer (Matsushita, 1996) . Compared to the dorsal pancreas, the origin of the ventral pancreatic precursor cells has not been studied extensively. Tremblay and Zaret determined the fate of the ventral pancreatic precursor cells by dye labeling the gut endoderm and mapped the sites at the anterior intestinal portal (AIP) that give rise to the liver and gut tube in the mouse (Tremblay and Zaret, 2005) . Tremblay and Zaret have outlined the origin of the ventral and dorsal pancreas from the migratory direction of the ventral endoderm cells. While the dorsal pancreatic precursors in the mouse and the chick were shown to locate on the medial level of the dorsal endoderm, the ventral pancreas was reported to locate differently in the mouse and the chick (Kumar et al., 2003; Tremblay and Zaret, 2005) .
Given that the location of the ventral pancreatic precursors in the mouse and the chick are different, we attempted to determine the origin of the ventral pancreatic precursors in the chick. The location of the precursor cells of the pancreas is important, since it provides information about the intrinsic changes in endoderm cells and the extrinsic inducing signal they might receive from the adjacent tissues, which might lead to the specification of the pancreas. To trace the origin of the ventral pancreas, we used DiI or CM-DiI to map the ventral pancreatic precursors. The endoderm, which lies lateral to the 7-to 9-somite level at the 10 ss, has been referred to as the ventral pre-pancreatic region (Kumar et al., 2003) , was labeled by CM-DiI. However, the CM-DiI-labeled cells did not translocate to the ventral pancreas region, but to the intestine or dorsal pancreas region. Fate-mapping studies of the ventral pancreas at the 10 ss showed that endoderm cells lateral to the 2-somite level at the 10 ss, to the 3-somite level at the 15 ss, or to the 4-somite level at the 17 ss contributed to the ventral pancreas. However, at the 10 ss and the 15 ss, the CM-DiIlabeled cells contributed to the ventral pancreas, and to the bile duct or intestine. Therefore, at these stages, the ventral pancreatic precursors have not yet segregated, however, at the 17 ss, and cells located laterally to the somite at the 4-somite level contribute solely to the ventral pancreas.
Furthermore, it is reported that in the zebrafish the anterior (ventral) bud gives rise to pancreatic exocrine cells, duct cells initially, but later after the fusion of the two buds, it gives rise to a small number of endocrine cells near the pancreatic duct region. Whereas the posterior (dorsal) pancreatic bud generates only the endocrine tissue, and later exocrine tissue from the anterior bud completely surrounds the islet and extends caudally to form the pancreas tail (Field et al., 2003) . Here, we asked if this is also conserved in the chick embryos. We found that the chick pancreas resembles that of the zebrafish, in that initially before the fusion of the two buds, the ventral pancreatic bud gives rise to only exocrine cells, while the dorsal pancreatic bud gives rise to mainly the endocrine, and also a small number of the exocrine cells.
Results

2.1.
The endoderm lateral to the 7-to 9-somite level at the 10 ss contributes to the intestine or part of the dorsal pancreas DiI crystals, which mark a limited number of cells and allow the construction of a fine fate map, were used in this study. It was confirmed by photo-oxidation of DiI that the DiI-labeled cells in the endoderm layer (Katsumoto et al., 2009) . Using DiI to mark the dorsal pre-pancreatic endoderm, we confirmed the results of earlier fate map studies by Matsushita using DiI solution (Matsushita, 1996) , that endoderm cells at the medial region within the somite boarders at the 4-to 7-somite level contribute to the dorsal pancreas (Katsumoto et al., 2009) .
The ventral pancreas has been mapped lateral to 7-to 9-somite level at the 10 ss, using CM-DiI solution as a lineage tracer (Kumar et al., 2003) . DiI crystals were used to label cells lateral to the 7-somite level ( Fig. 1A and D) . After labeling with DiI crystal, embryos were cultured until HH 21, then, the gut endoderm was excised and analyzed (Fig. 1B, C, E and F) . While this region should contribute to the ventral pancreas, as shown earlier, it was found that not the ventral pancreas but the intestine was labeled (Fig. 1B and C) . Whole mount in situ hybridization of Caudal Type Homeobox 1 (CdxA), a region-specific marker of the intestine, or Pdx1 confirmed that DiI signals overlapped with the CdxA-expressing region ( Fig. 1B and C) and, in some cases, with the caudal part of the Pdx1-expressing region ( Fig. 1E and F) . These results indicated that the DiI-labeled cells translocated to the intestine (blue) is shown. n, number of results observed; ss, somite stage; L, liver; dp, dorsal pancreas; 4, 7 and 10 indicate the somite levels.
region. Labeling at the lateral at 8-somite level gave similar results (KM, unpublished). We labeled a wide region of cells lateral to the 7-to 9-somite level with CM-DiI ( Fig the dorsal pre-pancreatic region at the 10 ss or the 18 ss from our results (Katsumoto et al., 2009) or from published results (Matsushita, 1996) , respectively. Comparing the CM-DiI-labeled cells and the Pdx1 or CdxA expression, we found that although most of the CM-DiI-marked cells located outside the boundary of the dorsal pancreas at the 10 ss ( Fig. 1G 0 ), some migrated medially and located inside the broken yellow lines at the 18 ss ( Fig. 1H  0 ) . CdxA-expressing regions located in the lateral regions, in which most of the CM-DiI-marked cells are overlapped (Fig. 1H , J, H 0 and J 0 ). These results showed that the CM-DiI-labeled cells overlapped mostly with the CdxAexpressing intestinal cells, and with some Pdx1-expressing cell, demonstrating that the region lateral to the 7-to 9-somite level contributed, in part, to the intestine and to the dorsal pancreas, but not to the ventral pancreas.
Since the endoderm region lateral to the 7-to 9-somite was reported to overlap with cells expressing Insulin (Kumar et al., 2003) , we then tested if these cells are fated to the dorsal rather than the ventral pancreas. An area of cells within lateral region at 7-to 9-somite level at 10 ss was marked with CM-DiI ( Fig. 1K and L). CM-DiI was used since it could be retained in the cells during the fixation process. CM-DiI was detected in a large part of the intestine and a small part of the dorsal pancreas as seen by the morphology of the marked tissue cultured until HH 19 (Fig. 1M ). Immunohistochemical analysis with sections at the level of m (shown with a broken yellow line in Fig. 1M) showed that CM-DiI-labeled cells overlapped with the Insulin-positive cells (Fig. 1N) . These results demonstrated that the region lateral to 7-to 9-somite level contributed in part to the dorsal pancreas and the intestine.
2.2.
The ventral pre-pancreatic fate is not segregated at the 10 ss
We hypothesized that Pdx1-expressing cells located rostrally to the dorsal pancreatic precursors might be candidate precursor cells of the ventral pancreas. To investigate this possibility, more rostral lateral sites were marked and traced. When cells lateral to the 5-somite or the 3-somite level at the 10 ss were marked, the DiI-marked cells still located within the CdxA-positive region (Fig. 2P, data not shown) .
From the above results, the ventral pre-pancreas seemed to lie much more rostral than previously expected. Since the Pdx1-positive region was detected in the pre-dorsal pancreas (Fig. 1I 0 , demarcated by the broken yellow lines, Katsumoto et al., 2009) , and in a more rostral lateral regions at the 18 ss, we used whole mount in situ hybridization to examine the early expression pattern of Pdx1 in the rostral lateral region ( Fig. 2A-D) . Pdx1 expression becomes detectable weakly lateral to the 2-somite level at the 12 ss, and the lateral Pdx1 expression becomes stronger as development proceeds ( Fig. 2A-D , marked by red arrowheads). We supposed that the ventral pancreatic precursor cells might overlap with this region. To determine whether the cells that lie laterally to the 2-somite level at the 10 ss migrated to Pdx1-positive regions, these cells were labeled with DiI. After cultured for 1 day, the labeled cells migrated to the 3-somite level at the 17 ss. The DiI signal was visualized by photo-oxidation, which turned out to overlap with the Pdx1-expressing region ( Fig. 2E-H) .
The above results suggest that endoderm cells lateral to the 2-somite level at the 10 ss are good candidates for the ventral pancreatic precursors. To confirm this, an embryo labeled at the region lateral to the 2-somite level at the 10 ss (Fig. 2I ) was cultured until HH 21, then the gut tube dissected out. The CM-DiI signal was observed in the ventral pancreas (Fig. 2J) , within the Pdx1-expressing region. Besides the dorsal and ventral pancreas, the intestine and the common bile duct are known to express Pdx1. To confirm whether ventral pancreas can be distinguished from the bile duct by morphology, we checked the expression pattern of hematopoietically expressed homeobox (Hex), which is expressed in the liver and the bile duct (Yanai et al., 2005) . Ventral pancreas regions were defined as Pdx1-positive and Hex-negative region. Pdx1-positive and Hex-negative region was observed in the budding region at the ventral, which is consistent with morphological observation (Fig. 2K, N and O) . Therefore, we concluded that the ventral pancreas could be defined by morphology. From the morphology and Pdx1 expression, the CM-DiI-labeled cells corresponded to the ventral pancreas and a small part of the intestine (Fig. 2J, L and M) . The results are summarized in Fig. 2P . CM-DiI-labeled cells contributed to the intestine (Fig. 2P, gray squares) , to the stomach (Fig. 2P, black squares) , to both the intestine and the stomach (Fig. 2P open squares) , to both the ventral pancreas and intestine (Fig. 2P , open circles), or to both the ventral pancreas and bile duct (Fig. 2P , gray circles) are shown. As size differs among embryos, we define ''W'' as the distance equivalent to the width of a somite. Cells that reside on the line that delineates 1W lateral to 2-somite level on both the left and the right sides were confirmed to contribute to the ventral pancreas (Fig. 2P) . However, the cells did not contribute solely to the ventral pancreas, but also to the intestine or the bile duct (Fig. 2L, M and P, open circles or gray circle, respectively), indicating that the fate has not yet segregated. Cells located immediately next to this region nearer to the medial region in the left side gave rise to the stomach and the intestine (Fig. 2P, white squares) . Cells located away from the somite or more posterior gave rise to the intestine (Fig. 2P, gray squares) . The large open square at the medial region at the somite 4-7 level indicates the dorsal pancreatic precursor cells (Matsushita, 1996) . The large shaded area at the somite 7-9 level lateral endoderm indicates the CM-DiI marked region in Fig. 1K and L, which translocates to part of the dorsal pancreas and intestine.
2.3.
The ventral pre-pancreatic fate is segregated at the 17 ss Given that the fate for the ventral pancreas is not yet segregated at the 10 ss, we examined the 12 ss, the 15 ss and the 17 ss. Since Pdx1 expression was first observed at the endoderm lateral to the 2-somite level at the 12 ss (Fig. 2B, red  arrowhead) , the 12 ss embryos were labeled with CM-DiI at the lateral region within distance 1W at the 2-somite level (Fig. 3A) , cultured until HH 21 and then dissected (Fig. 3B) . In three out of four samples, the descendants contributed to both the ventral pancreas and the bile duct (Fig. 3C and D) or to the intestine. The results are summarized in Fig. 3E . In four out of the CM-DiI labeled embryos, one contributed to the ventral pancreas and intestine, two contributed to the ventral pancreas and bile duct, and one contributed to the intestine (Fig. 3E) . Therefore, we considered that these cells In situ hybridization on sections at HH 21 revealed that Hex expression was detected in the liver and bile duct but not in the ventral pancreas region. On the other hand, Pdx1 expression was detected in the intestine, dorsal pancreas and ventral pancreas but not in the bile duct region. (P) A drawing of the fate map of chick embryos at the 10 ss. Each symbol shows the fate of each experiment with DiI crystal-marked or CM-DiI-marked cells. n, number of results observed; ss, somite stage; L, liver; dp, dorsal pancreas; vp, ventral pancreas; int, intestine; bd, bile duct; sto, stomach; 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 indicate the somite levels. (From Figs. 2-5 ) Red broken lines demarcate the ventral pancreas bud, green broken lines demarcate the dorsal pancreas bud.
were not yet destined to become solely ventral pancreas. Similarly, since cells at the lateral region at the 3-somite level at the 15 ss were also Pdx1-positive, these cells were traced. The descendants of CM-DiI-labeled cells at the lateral region at the 3-somite level at the 15 ss (Fig. 3F ) gave rise to the ventral pancreas (Fig. 3G-K) . The results are summarized in Fig. 3L . Although there were some embryos in which the descendants of the CM-DiI-labeled cells contributed solely to the ventral pancreas (2 out of 9 embryos, Fig. 3G-K ), some were found to contribute to both the ventral pancreas and intestine (3 out of 9 embryos), to both the ventral pancreas and bile duct (2 out of 9 embryos), or solely to the bile duct or stomach (1 out of 9 embryos, respectively) (Fig. 3L) .
We labeled cells at the 17 ss. Since cells lateral to the 4-somite level were Pdx1-positive, and were descendants of the cells lateral to the 2-somite level at the 10 ss (Fig. 2E-H) , we traced these cells. The cells marked with CM-DiI contributed solely to the ventral pancreas (Fig. 4A-F) .
The tracing results at the 17 ss are summarized in Fig. 4G  (n = 24) . The cells that contributed solely to the ventral pancreas were found in a limited region. Although there are regions in which the labeled cells were found at the boundaries of the ventral pancreas with the intestine and the bile duct, we concluded that the precursor cells for bile duct and liver were also segregated at the 17 ss (Fig. 4G, KM,  unpublished) .
Lineage tracing results at the 10 ss, 12 ss, 15 ss and 17 ss are summarized in Table 1 . The numbers of the labeled embryos and their final location are shown. Tracing experiments done with the right side are also shown. On the right side, cells contributed to the ventral pancreas also contributed to the intestine. Therefore, the ventral pancreatic fate has not (vp) . Gray arrowheads indicate dorsal pancreas (dp). Arrows indicate the intestine or the bile duct. H, J and K are enlarged images shown in the red squares in G or I. ss, somite stage; L, liver; dp, dorsal pancreas; vp, ventral pancreas; int, intestine; bd, bile duct; 1, 2, 3 and 4 indicate the somite levels. (Katsumoto et al., 2009) . Each symbol shows the fate of each experiment of CM-DiI-marked cells. n, number of results observed; ss, somite stage; L, liver; dp, dorsal pancreas; vp, ventral pancreas; int, intestine; bd, bile duct; H, heart; VV, vitelline vein; 4,5,6 and 7 indicate the somite levels. yet segregated on the right (Fig. 4G , Table 1 and data not shown).
The dorsal pancreas gives rise mainly to endocrine cells and the ventral pancreas to exocrine cells before the fusion of the dorsal and ventral buds
We investigated the localization of Insulin-or Amylaseexpressing cells. Insulin transcript was detected from HH 19, in the Pdx1-expressing dorsal, but not in the ventral pancreatic bud. On the other hand, the Amylase-expressing cells are found in both the dorsal and the ventral pancreas (KM, unpublished) . This becomes more marked in the day 6 (HH 29) or day 7 embryonic stages (HH 30). Pdx1-expressing cells are found in both the dorsal and ventral pancreas (Fig. 5A  and A  0 ) . However, the Insulin-expressing endocrine cells are found in the dorsal, but not in the ventral pancreas ( Fig. 5B and B 0 ). The Amylase-expressing exocrine cells are found in both the dorsal and the ventral pancreas ( Fig. 5C and C 0 ). In the dorsal pancreas, the Insulin-expressing cells locate at the center position, while the Amylase-expressing cells adopt the surrounding positions ( Fig. 5B 0 and C 0 ). The area of the Insulin-expressing endocrine cells and Amylase-expressing exocrine cells were quantified and shown in Fig. 5D . The proportions of Insulin-expressing endocrine cells or Amylase-expressing cells in total pancreas area defined by Pdx1-expressing area were calculated. The proportion of Insulin-expressing cells in the dorsal or ventral are 2.12% or 0.10%, respectively. While the proportion of Amylaseexpressing exocrine cells in the dorsal or ventral are 7.92% or 14.24%, respectively (Fig. 5D ).
Discussion
DiI crystal or CM-DiI-absorbed beads were used in the present study, which allowed labeling of limited numbers of cells Insulin-and Amylase-expressing cells were quantified using 11 sections for each probe. Based on the dorsal or ventral pancreas areas defined by Pdx1 expression, the proportions of Insulin-or Amylase-expressing cells were calculated, respectively. White bars indicate the dorsal pancreas and black bars indicate the ventral pancreas. dp, dorsal pancreas; vp, ventral pancreas; sto, stomach; int, intestine; L, liver; Mn, mesonephros; nt, neural tube; s, somite.
and thus facilitate fate mapping of the early ventral pancreatic precursor. We found that the region previously referred to as the ventral pancreatic precursor (Kumar et al., 2003) did not contribute to the ventral pancreas; instead, it contributed to the intestine or the dorsal pancreas. This prompted us to create a fate map for the ventral pancreas using DiI crystals or CM-DiI as markers. The ventral pancreas precursor cells are located at the sites in which Pdx1 expression was detected by in situ hybridization (Fig. 2) . Pdx1 expression is known to mark the pancreatic buds and the antral stomach, the common bile duct, the cystic and biliary ducts adjacent to the common bile duct, and duodenal endoderm (Offield et al., 1996) . Pdx1 expression in the dorsal pancreatic precursor cells at the 10 ss ( Fig. 2A) precedes that of the lateral (ventral) Pdx1 expression (Fig. 2B-D) . The ventral pre-pancreatic cells are located at the lateral boarder of the somite at the 4-5 somite level at the 17 ss (Fig. 4G , Table 1 ). The DiI signals that marked the ventral pre-pancreas at the 10 ss (Fig. 2E) were also within the Pdx1-positive region at the 17 ss (Fig. 2H) . It was observed that the pre-intestine cells located at regions where CdxA is expressed (compare Figs. 1J, J 0 to 2P). The precursor cells that later contributed to the stomach also overlapped with the Sox2-expressing region at the 10 ss (Fig. 2P , KM, unpublished) . Taken together, these results indicate that the region of the pancreatic and intestinal precursor cells could be predicted by the expression of the regional markers. It is interesting that the ventral pancreatic fate was not segregated after the Pdx1-expression had been turned on for a while. The mesoderm underlying the lateral endoderm at the 2-to 4-somite level might possess the inducing activity for the ventral pancreas. However, the ventral pancreatic cells are located in a very limited region (Tremblay and Zaret, 2005) , which makes it difficult to do the transplant experiments that would demonstrate when the fate specification of the ventral pancreas occurs.
Another important line of evidence supporting our fate mapping result is the similarity of the location of the ventral pancreatic precursor cells in the mouse and chick embryo. The results presented here show that the ventral pancreas at a region close to the anterior intestinal portal (AIP) is topologically similar to the ventral pancreatic precursors, which are located at the lateral endoderm caudal to that of the liver precursors at E8.5 at the 1-3 ss reported in the mouse (Tremblay and Zaret, 2005) . Our recent fate mapping results of the ventral pancreas in the mouse also revealed that the precursor cells that are located medially and laterally at the lip of the AIP in the ventral endoderm at the 5-6 ss at E8.5, then migrate medially and become confined to the medial region at the lip of the AIP at the 7-8 ss at E8.5 (KM, unpublished) .
Moreover, in mouse that lacked Pdx1 gene expression, the dorsal and ventral pancreatic buds did form; however, further growth of the pancreatic buds was arrested, since the development of the dorsal and the ventral pancreas are induced different signals and different molecular mechanisms are involved. Knowledge of the location of the precursor cells of the ventral pancreas is important for insights into the inducing signals of the pancreatic endoderm and the molecular mechanism underlying early ventral pancreatic differentiation. Our present results showing that Insulin-expressing endocrine pancreas cells are not observed in the ventral pancreas before HH 29, at which stage the turning of intestine and the fusion of ventral pancreas and dorsal pancreas occurs. These results indicate that the location of the ventral pancreas precursor cells at the time when they arise (at the 10-17 ss) and their interaction with the surrounding mesodermal cells permits exocrine but not endocrine pancreas differentiation. The ventral pancreas fate segregates earlier in the left compared that in the right (Fig. 4G) . At this stage, the vitelline vein lies immediately under the ventral pancreas precursor cells in the left side, and thus might be responsible to send pancreas inducing signals. Whereas the heart primodium lies in the right, which might send signals favor for liver but not pancreas differentiation. Taken together, these insights might lead to a better understanding of the differentiation of the dorsal and ventral pancreas, and might shed light on the development of regenerative medicine for the cure of diabetes mellitus (Kume, 2005a,b; Shiraki et al., 2005 Shiraki et al., , 2008 Yoshida et al., 2009 Yoshida et al., , 2008 .
4.
Materials and methods
Embryo culture
Fertilized white leghorn chicken eggs were incubated at 38°C in a humidified incubator and staged according to Hamburger and Hamilton (1951) . Eggs were incubated for 33-49 h to obtain embryos from HH stages 10 (10 ss) to 12 (17 ss). Embryos were explanted in Pannett-Compton saline and cultured by a modified version of New culture methods with the ventral side up on a 35-mm dish coated with agarosealbumin (0.3% agarose, 62.5 mM NaCl, 0.3% glucose, 50% albumin) supported by filter paper ling (Sundin and Eichele, 1992) . Alternatively, for prolonged cultures, embryos were cultured for one day as described above and then cultured following the method described by Flamme (1987) , with ventral side down in a solution with 1 part yolk and 2 parts egg albumin.
4.2.
Labeling of the definitive endoderm layer using DiI and CM-DiI Microcrystals of the carbocyanine dye DiI (1,1-dioctadecyl-3,3,3 0 ,3 0 -tetramethyl indocarbocyanine perchlorate; DiI-C18, Molecular Probes) were prepared as described (Katsumoto et al., 2009; Kimura et al., 2006) . Briefly, DiI was dissolved at 0.5% (w/v) in absolute ethanol and the solution diluted 1:1 (v/v) in 50% (w/v) sucrose in PBS. Small DiI crystal precipitates of 10-15 lm in diameter, generated by deposition into Pannett-Compton saline, were selected for labeling. The definitive endoderm layer was labeled by adding a DiI crystal for 15 min, and then the crystal was removed with a fine tungsten needle. To label embryos with benzoyl]amino]-methyl]-2-[3-(1,3-dihydro-3,3-dimethyl-1-octadecyl-2H-indol-2-ylidene)-1-propenyl]-3, 3-dimethyl-1-octadecyl chloride) (Molecular Probe), beads (Affi-Gel Blue Gel, Bio-Rad) pre-immersed in 0.05% (w/v) CMDiI (in absolute ethanol) torn into 500 lm pieces by forceps were used. We found that beads pre-adsorbed with CM-DiI were suitable for labeling limited cell numbers. Images of the labeled embryos were taken immediately after labeling at HH 10-12, using a MZ FLIII fluorescence stereomicroscope and Viewfinder Life version 1.0 (Olympus), and were cultured for 2-3 days until embryos reached HH19 or HH21.
4.3.
Photo-oxidation
Samples labeled with DiI were fixed with 4% paraformaldehyde, then the fluorescence was photo-oxidized as described (Izpisua-Belmonte et al., 1993) . Briefly, signals were visualized with DAB solution (500 lg/ml 3,3 0 -diaminobenzidine) (DAB, Sigma), 5 mg/ml heparin, 0.1 M Tris-HCl (pH 7.4), then transferred to a 2-well slide with cover glasses and subjected to fluorescent light until the DiI fluorescence was replaced completely by DAB.
In situ hybridization
Embryos were fixed with 4% paraformaldehyde overnight, replaced with 30% sucrose in PBS at 4°C overnight and embedded in OCT compound (Sakura Fine Technical Co.) . In situ hybridization with digoxigenin-labeled probes was performed on 10 lm frozen section as described (Ishii et al., 1998) , after recording the DiI fluorescence photographically (Ishii et al., 1998) . Pdx1, Hex, Insulin, Amylase were used as probes for in situ hybridization on sections. Whole mount in situ hybridization was done as described (Shimamura et al., 1995; Uchikawa et al., 1999) . Pdx1 and CdxA were used as probes. Insulin and Amylase cDNAs were cloned by RT-PCR, using the following primers: Insulin 
Immunohistochemical analysis
Embryos were fixed with 4% paraformaldehyde overnight, replaced with 30% sucrose in PBS at 4°C overnight. The embryos were embedded in OCT compound and were cut into 10 lm frozen sections. The Insulin expression was detected by mouse anti-Insulin (Sigma). The secondary antibodies used were Alexa 488-conjugated antibody (Molecular probes). The cells were counterstained with DAPI (Roche).
4.6.
Quantification of the dorsal and ventral Insulin-or Amylase-expressing cells
The dorsal and ventral boundaries were determined by the outer boarder of the Pdx1-expressing cells. In situ hybridization analyses were performed using Insulin, Amylase or Pdx1 as probes on adjacent sections at HH 29 embryos. Areas of the positive signals were quantified using NIH image software. Percent areas of the Insulin-or Amylase-expressing cells were quantified using 11 sections for each probe.
